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TITL3  C5?  PEOJECT  AND  OBJSWIVES 


Cos^aratlTe  bioehemlcal  study  of  th«  intennediary  carbohydrato  metabolism 
doatridium  perfringena  (BP6k)»  a strict  anaercba,  sad  Bacillus  aubtilia 
(lirbvirg),  a strict  aerobe;  elucidation  of  the  mechanisms  of  fermentation  and 
respiration  in  both  organisme ; characterisation  of  the  effect  of  nutrition  on 
both  types  of  aetabolio  mechanisms* 

IliTRODUCTION 

Two  progress  reports  have  been  submitted  to  date;  Report  ICo*  1,  covering 
the  period  1 llarch  - 1 June  1952;  and  Report  Ko.  2,  covering  the  period  1 J'one  - 
1 September  1952*  This  report  will  cover  the  work  oonpleted  during  the  contract 
yoar,  1 JSarch  1952  23  February  1953  • 

PERSOHIJEL 

In  addition  to  the  principal  investigator  (P«  C«  Bard)}  a full-time  research 
assistant  has  been  employed*  From  1 February  - 15  August  1952>  the  assistant's 
position  was  held  by  J.  E*  Martin}  B*S*}  M*S*}  and  from  1 September  1952  to  date, 
the  position  has  bean  held  by  U*  L*  Imllin}  B*S*j  U*S*  jPursuing  related  problems 
have  bean  two  graduate  students , one  working  with  £•  perfr5jage ns  (R*  Shankar ^ 

B*S*}  A*!i*)  aad  one  with  B.  gubtilis  (R*  B*  Klausmeier}  i.*B*)« 

The  initial  radioistTbopo  dctc. dcsoribcd  in  this  roport  wcro  obtoinod  by  tho 
principal  investigator  while  conducting  research  as  a Research  Collaborator  in 
the  laboratory  of  l>r*  Uartln  Glbbs^  Riology  Department}  Brookhnven  rational 
Laboratory^  Upton}  Kew  Tork^  from  l6  June  to  1 September  1952*  In  addition} 
active  collaboration  has  been  maintained  with  Dr*  Oibbs  whOj  in  association  with 
Dr*  Lynn  Paege  of  his  laboratory}  has  continued  study  of  the  problem  ea^loying 
variously  labeled  glueose-cLU. 

A ootsaant  oonoarning  persouuel  is  «i;^ended  here*  The  two  research  assistants 
employed  in  this  project  have  been^  in  the  ccu'eer  aense>  students*  For  exalq>la} 
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ii3r»  iiortic  loft  in  the  middle  of  August  to  return  to  his  native  county  (Hew 
Z-<*alaxid)  to  continue  hia  studies  with  I5rt  Ekison  at  the  UniToraity  of  Otago* 

Tho  training  roceiT^d  by  16r.  Jfcxtin  while  an  esaist&nt  in  this  prefect  will 
qualify  him  fiur^b-'r  fear  independent  rosecrch.  ilr.  Llallln  haa  converted,  since 
1 February  1933*  ^ port»tlr«  gradu&te  student  baaia,  atill  functioning 

hewoTor  as  a full-H:ine  aasiatant  by  rrorking  overtime*  Svq>port  during  the  aummer 
aumtha  has  beon  oxtend'sd  to  Shankar,  ooa  of  the  graduate  students  rientionod 
above*  It  is  apparent,  thorofore,  that  eptiaana  use  has  boon  made  of 
funda  ainco  tho. training  of  three  advanced  atudenta  haa  been  expanded,  a uaage  of 
funds  In  conaonance  with  the  policy  cf  the  Office  of  Haval  Roaoaroh  to  aponaor 
bcaio  roacaroh*  The  principal  invoati^xor,  however,  haa  reoolvod  no  fln&nolol 
svqtport  from  thla  contract,  other  than  travel  funda  for  ottonding  meetings* 

PiESOlTS 

Tho  roaulta  obtained  ore  prosontod  bolow  following  a deaoription  of  the 
Siitoriola  and  mothoda  eoployod*  Tho  results,  moreover,  are  prasontod  undor  throe 
hoedinga  for  roaacna  whioh  will  booome  apparent,  and  each  aoetion  la  prefaced  by 
a briof  hiatorioal  roaumo  introduoing  the  phaae  of  investigation  being  reported* 
Sootien  1*  Ijatortala  and  Methods 

Orggnisma * Cloatrldium  porfrin^ona,  strain  EPoK,  and  Baoillna  aubtllla, 
iiarburg,  stroin  dk, 

Modio* 

Heart  Infusion  Broth  1%  tryptoas,  Ijl  yeast  extract,  0*9^  S2^3PC^, 

yjjC  hoart  infusion,  water,  dosiccoted  heart  portioles,  1%  glucose  (sterillaod 

by  filtration  end  added  aaepticnlly  to  tho  previous  mixturo  which  had  been  heatod 
at  12C  C for  20  mizaitos)*  This  modium  is  suitable  for  malntonanco  of 

C0  porfringona  in  stock  (stable  for  cbc\2t  2 months  at  C)  and  for  preparation 


of  tho  inoculum* 


5 


Modium  At  saae  as  HIB  lo^s  heart  infusion  and  heart  particles*  This 
Dodiun  was  used  to  oultirato  cells  foi*  sstabolic  studies  irith  C%  perfringons 
(not  used  in  BHignesium-deficioncy  stud/)* 

Brans  * feptono  Ifedi'anu  tha  asethod  of  Webb  (19UQ)  was  used  to  prepare 
this  oedixsa  in  tlie  magaesitni-defioient  state* 

Cenglex  {C)  and  3iiig)le  (S)  aiediat  these  media  are  described  by  Gary 
and  Bard  (1952«*). 

Tengeratures  t incubation  of  oultturss  and  manoioetrio  studies  were  conducted 
at  57  C. 

Chemical  Methods*  To  determine  glucose^  acetylmethyloarbinol,  butanediol 
and  ethanol,  the  nethods  of  Neish  (l?5^)  were  ecployed*  Volatile  acids  were 
separated  and  measured  by  the  celite  method  of  Bueding  and  ^ale  (1931 )•  Lectio 
aoid  was  measured  according  toBailcor  and  Suimarson  (19^1),  pyruvic  acid  according 
to  Friedemann  and  Haugen  {19U3)  monometrie  gps  exchanges  according  to  Ihohreit 
et  al*  (19U9)»  Carbon  monoxide  preparation  and  use  are  described  by  Gary  and 
Bard  (1952a). 

Section  ^*  Glucose  fermentation  and  respiration  by  £*  perfringen*^* 

Glucose  fomentation  by  this  organism  has  been  studied  most  recently  by 
i^appeuheimsr  and  Shaslcan  (I9U4}  end  Bord  (19(^9}  Bard  and  Gunsalus,  195^) « 
although  the  rsetabolle  pathway  remains  to  be  described*  Glucose  respiration 
has  been  studied  by  Bord  (19^9#  1952),  the  general  results  being?  100-180; 

150~200;  RQ,  l*6-2*0t  per  mole  of  glucose,  O^y**!*!  moles  O2  consumed, 
loli-1.8  moles  COg  formed* 

From  these  experiences,  it  was  known  that  the  history  of  the  inoculum  or^d 
the  nature  of  the  culture  medium  play  significant  roles  in  the  fermentative  and 
respiratory  patterns  of  the  cells  obtained*  Respirotory  balances  were  not 
available  and  otiier  data  (inhibitors,  radioisotopes,  uio*)  were  either  lacking 


or  of  a random  nature*  ixccordingl3r>  a rather  systensaiic  inTBStigation  nas 
launched;  using  resting  cell  suspenaiona  to  determine  the  patlrsaye  of  glucose 
faraantstion  and  respiration* 

Inooulimii  hs  a result  of  studies  siarnnerisad  helow,  involving  the  use  of 
inoculn  from  several  sources  cad  of  various  eges,  the  following  inoculi'tice 
prcced’ore  was  adoptedt  daily  passage  through  EIB,  using  1%  ii^oulum  from  o 
provioi'j  3?  hoxiTS  eld  HIB  culture;  all  HIB  cultures  being  incubated  fear  12  hours; 
to  obtain  cells  for  laetabollo  study;  Medium  A was  incculsted  with  a 1%  inooulvju 
fk*om  a 12  hours  old  HIB  culture;  the  Medium  A culture  being  harvested  after 
hours  incubation*  This  procedure  assures  resting  oells  with  hi^  fermentctlve  and 
raspirotory  activities* 

The  conditions  required  for  hi^i  respiratory  activity  ore  (l)  daily  transfer 
of  EIB  cultures;  incubating  for  12  hours  at  37  C;  (2)  the  HIB  cultures  must  be 
usod  ixsaediately  os  the  inoculum  since  an  intermediate  period  of  storage;  oven  at 
U C;  yields  Ledium  A cultures  of  voi*ying  activity;  (p)  repeated  pro-passage  through 
ilsdlvmi  A before  inoculation  into  ledium  A gives  the  same  effect*  It  appears  that 
the  heart  inf usion  and/or  heort  particles  in  HIB  contain  a factor (s)  necessary 
fop  vigorous  respiratory  activity* 

Fenaentotive  activity  is  much  less  sensitive  to  inoculotion  variations 
although  uso  of  a very  old  liI5  culture  (12-13  da^’s  storage  at  U C after  12  hours 
incubation  at  37  C)  as  inoculum  yields  Indium  A oultiaros  whoso  cells  are  Incopeble 
of  gaseous  formontatioa  in  vitre;  a hsmclr.ctic  fermentation  may  have  occurred 
undor  those  oondititma  although  this  possibility  was  not  tested*  Such  cells  are 
also  incapable  of  respiration* 

Effect  of  glucose!  Growth  occurs  in  Madivai  A oven  in  the  absonoe  of  added 
glucose*  Calls  harvested  from  such  medium  lacking  glucose  possess  practically 
no  respiratory  activity  although  forrwntativo  oapaoity  remolr^s  uniopcirod*  'i'hosc 
results  any  be  interpreted  as  indicating  that  either  the  aeobic  system  is 
^•dapttvo”  (requires  glusose)  or  that  the  aerobic  gluoose  dlssimilatory«ioehcni8m; 
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pro^obly  -with  ref^ranoo  to  H-transport,  is  diffareut  frtsE  the  anaerobic  rwchauisjn. 

gffeot  or  i^^ygeat  Variation  of  tho  atnoaphore  orar  ^dium  A ouitxsros, 
oontainins  glucose,  doe*  not  affect  eithor  the  fermistative  or  tho  rospirotory 
aetabolisjE  of  resting  cells;  IOC?-  oxygen  does  not  inhibit  growth  in  Modivm  A« 
Thoso  results  indicate  that  a suitably  low  oxidation-reduction  potontial  is 
aohioYod  by  tho  eombinntioa  of  medium,  inocultmi,  and  inoculation  proooduro  used 
so  that  grofwth  is  not  inhibited  srron  in  an  atmosphere  of  pure  OTcygon*  Also,  it 
may  be  concluded  that  the  respiratory  syetea  is  oonstitutite  (provided  gluooso  is 
supplied*  see  above),  requiring  no  oxygon  for  its  olaborotion  during  growth. 

oellst  FormontatiTo  and  respiratory  rotes  docroaso  v/ith  increasing 
age  of  colls,  tested  over  tho  age  range  of  t^otirs.  Old  colls*  (15  hours) 
reepirotiQB  is  stimulated  by  washing  the  cells  with  saline  although  oven  greater 
itimulction  is  obtained  If  a boiled  ooll  extract  is  added.  Those  results  suggest 
thot"*(l)  Crashing  rmsgms  an  iahibitorfs)  from  old  ceMs  (aeldsT)  and  (2)  washing 
romovsfi  a 'thormostablo  dif fusible  factor  (coensymo  fregaontt)  which  is  present  in 
esll-fre©  axtrsots. 

dtability  of  eell  suspeneioriat  Allowing  oolle  tb'staiui  for  2 hours  at  room 
^temS^es^tiU'e  does  not  nppoor  to  reduce  respiration,  ond  sosaotimos  rospirotion  is 
stiEuleted  (washing  afft^etfs  see  ahoro).  Btan  bubbling  air  for  2 hours  through 
the  oelie  euspezrsien  ebusos ’biily  doorcase  t5^)  in  .rasp  Ir  at  cry  reto 

tithed^  the  extest  of  oxidation  remoins  uninpair od. 

Optitaam  pH  for  rospirotion;  Over  a pH  range  of  5»^  to  8.0,  with  O.Cl;!;  U 
potaselra  phoephate  buffer*  the  optimum  pH  for  rospiratiem  is  6.5*  This  pH 
and  phosphate  Icvol  was  oaployod  throughoirt  all  studies  of  formentation  and 
resp^otion* 
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(^tizam  dry  of  ceXlit  Tha  dry  of  eella  used  in  ratnaoetr xc 

studies  of  faraientGtloa  end  respiretiiEi  ms  3“5  oS»  At  this  oell  wei^t  level, 
the  respiratory  rate  is  saaxizann.  Afflounts  of  cells  less  than  3 -C  more  than 
5 rag  respire  at  slower  rates  but  probably  for  different  reasons*  Use  of  few  cells 
sirply  does  not  afford  optiiuma  ensyme  level  for  the  amount  of  gluoose  used  (lO  pli)* 
Use  of  excessive  cell  inasses  results  in  hydrogen  evoltition,  a situation  wl;ic’i  may 
be  tenasd  "seai-fcmentation*”  Bvidenoe  for  this  phenomenon  is  afforded  by  the 
observation  that  with  excessive  sell  itjasses  uptake  occurs  rapidly  for  the 
first  3'"^3  lainutes  after  whioh  O2  uptake  oeases  or  actual  gas  production  ensues 
for  about  3^13  minutes  after  irtiich  Og  uptake  oeases  or  actual  gas  production 
ensues  for  about  5~15  minutes,  the  gas  probably  being  since  any  COg  formed  is 
absorbed  1^  the  strong  alkali  present  in  the  flasko  Accordingly,  less  is 
re<{ttir<ad  to  oxidise  the  hydrogen  earrisd  bj/  the  H-tranaport  sj-stem  and,  moreover, 
»>#tttuition  obtains  tdiioh  forbids  aoeurote  ealeuletion  of  the  Attempts  to 

oHfetasts  the  burst  by  addition  .of  pelladiuis  - asbestos  failed  since  the 
#a*etlon  between  ‘E^sjut  pallidim  is  too  slow  to  provent  evolution*  liven  if 

a^rtempts  were  successful,  however,  an  art  if  act 'would  be  introduced  since  in 
addition  to  having' Og  available  as  the  H-aeceptor, , palladium  would  also  accept 
a aituation  Issding  to  no  ssialiersticn  of  the^.ealculation  problem*  Henoe,  it 
deoldeu  best  sisf>ly  to  avoid  the  ^oburat  ^ employing  a oell  mss  ehioh 
^;aars  not  to  engage  in  *s«ail<-fermetttatlott*'** 

Stesis^latory  balaneasi  Using  3 hours  old  oalln  grown  in  Ifedium  A with  e 1^ 
laocul^  of  12  hours  old  H2B  cells"—  the  routine  inoculction  and  cultivLtion 
procedures  Bjir>loyed  — balances  such  as  follow  were  cbtni,nod|  these  are  represent- 
ative  of  ethers  perforsud* 


/ 


Per  mole  of- 
glucose  dissimilated 

aneer obio 
(zerjrjsn^t  ion  ) 

Aerobic 

(respiration) 

Hg  (d  = 150) 

1.75 

— 

Og  (Q  s 13c) 

0*75 

COg  S 60j  z 150) 

1.97 

1.85 

OHjCS^OB 

1.16 

O^fo 

CQ^COQC 

0.60 

1.03 

CHj(CB2)2C0CB 

0*12 

O.IJ4 

CH j CHOH  COCSI 

0.06 

0.12 

C-recovery 

103^ 

10^ 

cyfe 

0*92 

1*06 

Obs*  COg/Calo*  COg 

0.99 

0*88 

The  outatondlng  diffsrances  between  these  bclenees  ere,  of  oovirse^  the 
utlllsatioTi  of  pg  at  tho  expense  of  Eg  and  the  lower  level  of  ethanol  dtirlng 
respiration  with  an  izuiroass  in  acetic  ooids  Under  tho  conditions  described^ 
slight  quantitative  *uriations  ware  noted  but  these  do  not  inorit  8;»cial  cansnents 
To  be  noted  is  that  the  aloohol  is  othanol;  no  butanol  was  found* 

Oooasionally^  small  amounts  of  pyruvio  acid  were  deteotod  during  both 
farisantction  and  respiration*  i^ccuisulation  of  pyrvsrio  aoid  reaches  significant 
prt^ortioxMi  (0*3~0»8  mole  per  mole  of  ;;luco80  dissimilated)-  hoiroveri  when  older 
oelle  (lU  hours  old)  ore  OEf>loyed  for  tho  resting  ooll  suspension  in  respiration 
studies*  Soan  (about  0*g  mole)  pyruvic  aoid  is  found  evoa  during  fermentation 
uader  these  eoeditions*  It  would  appear  froiD  these  observations  that  pyruvic  acid 
ie  cither  an  interusdiete  of  gluooso  diesioilatiou  or  o product  of  such  an 
iitterasdlate*  On  oeoaiiion;  a cubsconoo  yielding  a 2>l4.-dinitrophgQylhydrasons  of 
nsthylgiytnml  was  deteoted  (loss  than  0*1  nole}^  raisix^  the  possibility  that 
wthylslyeocaX  say  also  bo  an  intormodiato  or  derived  therefrom* 


8 


lahiMtora t A rathor  systesstie  study  of  ths  effect  of  those  inhibitors 
foported  as  effeoti-ve  in  glucose  dissinilatory  neohanisiaB  of  other  organisms  was 
made*  The  inhibitor  was  mixed  with  the  cells  and  phosphate  (0*C£4i  M)  buffer 
prior  to  the  addition  of  glucose;  tho  time  inhibitor  and  cells  were  in  oontoot 
boforo  aubstreto  was  added  was  minutes* 

Concontrations  of  sodium  osido  of  0*01  )£  or  higher  ore  roqulrod  to  inhibit 
markedly  tho  rates  oxid  ortonts  of  fonaontation  and  rospiration*  Growth  is  not 
inhibited  by  Q.Ol  M aride,  roqfairing  0*1  M for  inhibition*  2,4-Dinitrophenol j 
at  eoncentrotions  of  0*01  H or  higher « inhibits  mnrkodly  tho  ratos  and  oxtonts 
of  fomonefeation  end  rospiration;  formontotiro  hydrogon  production,  howovor,  is 
snro  sonsitiTo,  boing  offootod  at  conoontrotions  lower  than  thoso  required  to 
exort  0' similar  offoot  on  tho  roanining  roaotiens*  Those  data  suggest  that  the 
inhibitions  obserTod  may  be  rolotod  to  phosphorylotion  mechanisms  operative  during 
fdraabzitatien  and  respiration*  Tho  hi^  levels  of  those  inhibitors  roqulrod, 
howbvor,  aulBo''suoh  intorprctatlon  speculative*  be  noted  hero  is  tho  fact  that 
addition  of  inorgonio  or^ophosphato  during  fermentation  and  respiroticai 
stimulates  the  ratos  of  thoso  roactioaa  (sec  below),  suggesting  participation  of 
inorgdnie  phosphate  in  glucose  dissimilatiss  which  probably  leads  to  the  foriiation 
or^mlo  and  hi^  onorgy  phosphate  oox^ounds*  Until  speoifio  data  cro  obtaixxod, 
honsTor,  this  issue  remains  unoleor* 

Tho  Botal  oholoting  agent,  OC  **dipyridyl,  at  levels  of  0*001  - O.OOJ  K, 
totally  ijjhibits  both  formontotion  end  respiration*  This  finding  has  boon 
reported  previously  (Bard  and  Gunsalus,  1950)  wi.th  iron-dofioiont  C,  porfrlngons* 
Tho  site  of  inhibition  my  safoly  be  assumed  to  bo  the  aiotallo««ldolc8o  found 
in  this  organism* 

lodoaootate,  at  tho  lovol  of  0*0003  oosplotoly  ixihibits  both  formontatlon 
and  rospiration,  indicating  aerely  partieipotion  of  a sulfhydryl  type  ensyao* 

Sinoo  i^yop^Ubhyde  phosphato  dohy^ogenase  hes  been  desMmstratod  in  iron- 
db^ioioQt!  C*  pgrfriagms  (Bard,  19ti9)»  a sulH^dryl  typo  eniyao,  it  is  probably 
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that  this  oxidatl'w*  onxymo  portioipetes  in  fcrnontation  end  raspirotion*  It  is 
also  possihlo  tiiat  tha  oldoloso  of  this  arganisn  irhJhitod  hy  lodeacatato  sines 
a roduoing  agent  is  requirod  for  optiman  activity  of  this  onsyaio  (Bard  and  Gtiasalusji 

1950). 

Potassium  oyonido 3 at  IotoIs  of  0*001  M or  lossy  doos  not  affect  formozstation* 
Bospiration^  howoTor,  is  inhibited  by  0*001  M oyonlds  olthougji  only  tho  rcto  of 
rospiration  is  affoctod  and  not  tho  final  oxtont*  Carbon  monoxldo  (95/fc  C0/5JS  C^) 
doos  not  affect  respiration.  Ponaontation,  hoaravor,  is  affoctod  by  carbon  monoxide 
(95^  CO/3%  T^)t  production  boing  ixihibitod  and  tho  femontotion  being  shifted 
to  a hoaolootio  type.  Stephenson  (I9ii9)  cites  tho  srorlc  of  Booon  Tdiieh  Is  in 
agrooiumt  with  tho  CO  inhibition  of  gaseous  rorznontntion  by  this  organism.  In 
tho  exporinonts  being  reported  horoj  Tisiblo  ll^t  does  not  reverse  tho  CO 
inhibition  at  37  C.  The  data  with  cyanide  and  CO,  with  roforonoo  to  rospiration, 
porodt  the  cone lus ion  that  the  zneohoniem  of  respiration  is  probably  not  home-liko 
in  nature.  Tho  CO  inhibition  of  gaseous  feroontation,  however,  is  not  as  onsily 
explained.  It  is  possible  that  a homo  tjpe  ensyme  is  involved  in  pyruvate  dis- 
similation (it  is  assunud  that  pyruvate  is  an  intermodiato  of  formonte.tion), 
perhaps  tho  hydrogonaso  ootalysiug  tho  formation  of  gaseous  hydrogen  from  atomic 
hydrogen. 

Tho  results  rrith  sodium  fluoride  arc  nunorous,  varlod  and  somo^rtiat  unexpooted. 
Tho  data,  with  reiaarVa.  are  eummarited  in  table  1.  A discussion  of  tho  offsets  of 
this  inhibitor-  Is  postponed  vmtil  aftor  additional  data  arc  presontod  bo low.  It 
WBk  found,  also,  using  iron-deficient  colls  prepared  aooording  to  Bard  and 
Ounsalus  (1950)>  that  tho  homolootio  formontation  obtained  under  those  oonditions 
is  almost  totally  inhibitod  by  0.05  U sodium  fluoride,  oven  in  tho  pronoiiou  of 
{^osphatoj  phosphate  also  stixtulatos  this  honolootio  fermentation. 

Tho  ofToct  of  various  levels  of  arsenato  on  fonneirtGtion  and  rospiration 
was  testedi  the  data  are  prosontod  in  table  2« 
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T&bl&  1 


Sfl  eot  of  sodium  fluoiridg  on  glue  os  o farroont-ation  and  raspiratioc 


Inorg* 

I 

Poroozetation 

Respiration  | 

R 

^aP  » 

Glucoeo 

% 

diU 

1^2 

0 

m 

I 

Intake 

prod* 

prod. 

iqttsks 

prod. 

I Molarity 

* 

* Per  cent 



inhibition 

1 

* i 

1 ° 

0 

0 

0 

0 

^100 

^ 0 

-^0 

1 

jo.015 

0 

0 

0 

0 

0 

0 

2 

to 

or 

'0,132 

1 

0.001 

♦ 

1 0 

0*005 

0 

0 ^ 

0 

<^100 

0 

i 

0 

5 

t 

to 

or 

to 

to 

to 

to 

i 

1 

0.05 

0.001 1 

1 

/V-  100 

50-65 

j 

100 

100 

i 

[OoCM; 

0.01 

0 1 

0 

0 

0 

0 

1 

to 

or  i 

j 

1 

0.05 

0.001 

i j 

1»  Althoui^i  oxtonts  aro  not  offootodj  retos  aro  dooroesod  significantly* 
Ponoozxtatlvo  COgt  nono  produood  for  about  2 hrs  ishon  somo  Is  formed  but 
oxtont  is  Xov* 

2i  Sormal  values  obtalnod  In  all  cases j apparently  0*013  U Inorganlo 
sufficing  ftr  ^rtisal  ratos*  0»ClU;^  U inorganlo  PG^  usod  in  all  oxporiments 
unless  othorwlso  Indlootod* 

3*  dlnoo  Inori^nlo  PC^  la  absent^  no  foraontctlTo  CO^  Is  fojrmod  (soo  1,  above)* 
Vlhon  HoF  is  added  to  flasks  without  KCH  in  oontor  wollf  glucose  uptake  and 
fonaotlon  la  propcrtlonr.l  to  KaF  level*  Also,  as  HaF  level  is  increased, 
olr^ost  twioo  as  inioh  laotio  acid  is  formed  per  stole  of  gluooso  formontod* 
Sj^^ini^o^o^IhydratoDO  of  mo^ylglyoxal  identifiod  spoctrophotomotrioally 
in  tnosc  flasks  la  flasln  without  XCE,  traeos  of  pyruvic  aoid  found  but  no 
nothylflyoocal* 


n 


Table  2 

Sffeot  of  araeaftte  on  gl'doose  1‘anBentation  and  raapiration* 


1 . _ ** 
AsO.^  i 

GOTO*  ^ 
1 

FaniientatiorL 

R«?plr«tioYi 

1 

_ 3 i 

CO 

> 

^ 0;  1 

2 ^ j 

CO  } 

! 

1 

Q 1 ^ 

T 

0 

176 

20*2 

105 

15.9 

118  ! I4.U 

i+5  1 9.0 

1 

95 

14.0  j 

0.005 

200 

18.8 

~ 

25 

5*0  j 

i 

0.01 

156 

17*5 

' j 

10^ 

11.0 

26  ! 9-0 

< 

1 

2 i 0.9  i 

L— ^ ■■  ■ i 

20 

5.9 

0.05  i 

1 

12.5 

27 

..J 

6.8 

1 

1 i 

0.2 

* In  the  preaenos  of  the  standard  oonoentretioa  of  inorganic  phosphate 
(o^oidi  K). 


It  is  clear  from  these  data  that  arsenate  inhibits  strongly  both  fermentation 
and  respiration.  It  appears  that  arsenate  conroetes  with  phosphate  for  substrate 
(intaroadistes ) leading  to  arseno  ooaiplexes  which  are  subject  to  arsenolysis  arjd 
henoe  leading  to  uncoupling  of  phosphorylation.  These  data  add  siqtport  to  the 
suggestion  (see  above)  that  both  anaerobic  and  eerobio  glucose  dissimilation 
involve  esterification  of  inorganio  phosphate. 

Arseni te,  at  levels  ranging  from  0*003  “ 0*03  almost  ooB^lstely  inhibits 
glv»ose  feraontQtion  but  has  praotically  no  effect  on  respiration.  The  signifi- 
oanoe  of  these  findings  is  not  clear*  It  ocn  be  suggested  that  the  inhibition 
of  fermentaticsi  by  arsenite  indioctea  tho  participation  of  pyruvate  as  a lastabolio 
intermediate*  However,  the  absenoe  of  arsenite  inhibition  during  respiration 
does  not  persiit  gszMralisatioa  of  this  interpretation  to  cover  a oonsaon  gluoose 
dissioilatory  pathway  under  both  anaerobio  and  aerobic  conditions. 
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aetaboli^mt  Uela^  20  (itx  todim  pyr\rr«t«  •<  aub«trat«  instead  of 
gluoosof  a briaf  nanomatrlo  attv^y  of  p3rruTat«  mtaboliaa  'iraa  sada*  It  was  fotmd 
that  inorgaoiio  phosphate  (OvOUi  pH  6v5)  ttliulatej  the  rates  of  ^ and  CO2 
STOlutionj  about  1 sole  ea^  ^ asd  C(^  are  fcrasd  per  siole  of  pyri^rmxe  rer* 
rnented*  'jfhe  rates  of  and  CO^  erolutiosi  with  pyrvnrate  as  substrate  are  about 
* 1/?  those  obtained  with  glucose  as  substrate <.  Edition  of  Q»p2  - 0*05  H 
sodius  fluoride  to.  this  systas  containing  inorganic  phosphate  bos  little  inhibitory 
effect  on  pyruvate  fsrraentatica*  Howarsr^  addition  of  fluoride  in  the  absence 
of  phosphate  causes  about  inhibition  of  pyruviite  Betaboliem^  an  effeot 

qualitotirely  similar  to  the  finding  during  ^uoose  f erssntatl on«  The  iiAlbited 
pyrirrate  fermentation  is  not  directed  tosrard  a laotio  typc^feriaantation  ainoe  there 
is  no  Increose  in  laotio  ocid  fon  ation* 

Other  substrates  i Neither  yemg  (5  hours  old)  nor  old  (li^  hours  old)  cells  j 
gyown  in  the  presence  of  glucoses  .'espire-in  the  presence  of  mannitols  sorbitols 
galootoses  gluoonlc  cold;  glucturonxlootones  gluouronio  acids  ribosos  xj'loae  or 
orobinose*  Cells  grown  in  the  presence  of  gluouronolootone  or  glucuronic  acid  with 
wit)ioak' glue 080  do  not  respire  in  the  presence  of  gluouronolaotone  or  glucuronic 
acid*  bll^t  respiratory  cctivity  was  noted  with  sucrose  and  lactose.  With 
fructose  and  maltoses  roapircticai  Mocurs  but  only  bo+“;eon  I/5  to  .1/2  the  rate 
notod  with  glucose. 

Rodioisotepe  data!  Using  glucose*  1-C^  os  substrates  it  was  iound  that  nono 
of  the  CQg  formed  during  feraentotion  and  respiration  eontoins  C^.  The  methyl 
oarhoa  of  the  eootio  aoid  trem  su^  rer  Jtion  sdxturea  contains  oorboaqrl 

carbon  being  unlobelod. 

Using  giuco8e*3,l*->C^s  5 *^5f*  of  the  was  isolated  in  the  CO^.  fonsed 
during  formentation  end  rospirati  on*  Z^ation  of  the  remaining  label  remains  to 
bo  dotor*slhp4»  J^pooiflo  re  iioactiTity  of  the  gluooso*^s  has  been 

eh#clciti4  yeast  ta&  the  ooloulatod  aciivii^  appetrs  to  be  cmrreet* 
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iSiind  glueose^-fi-C^^,  tha  CO^  dorived  ^harefrott  duriJig  fonaentation  ^^ostaiac 
no 

Thosa  incomplete  data  aerTo  to  su^geat  that  this  organism  por^sos^ss  a 
pathwcy  of  glucose'disaisdlction  uxiliko  those  proviously  dosorihed*  The  rsotuol 
differoneo  ncy  prove  to  consist  of  a Toriation  of  a known  seohoniasui 

Plactxssiont  All  the  data  obtcinod  thus  far  do  not  sY^ort  tho  conclusion 
that  tho  Etoohonlsm  of  glucose  dissiBti.latlon  present  in  Cm  porfrincena 
idoirtioal  to  a known  aochanlsm*  Two  rutin  object  ions  to  this  oonolusion  are 
prosoniodt  (l)  fluoride  insonsitirityi  (2)  the  'adloisotopo  dc.ta«  Tho  fluoride 
doto  with  gluooso . may’  bo  intorprotod  os  parallolfog  those  with  pyruvatoy  honoo 
focusing  ottontion  v^on  pyrusato  dissimilation  as  site  of  fluorido  inhibition 
in  tho  obsonoo  of  pbosphato*  If  this  is  trua^  thon  it  must  be  concluded  that 
an  onoloso^j'pe  onsyma  is  not  present  in  this  organisiiiy  a possible  interpretation 
in  tiow  of  the  data  prosontod  above  and  tho  findings  of  Stone  end  TTorlaaan  (1937)* 
Horeovery  tho  peculair  isotope  data  need  interprevotion*  At  this  poixiuy  i’^  can 
only  bo  oonoludod  that  a Tarlotion  cf  c known  nechcnlsm  irny  bo  operative*  I'ntll 
onsjinatio  data  ere  availablo«  a reasonable  interpretation  is  not  apparent* 

Soetion  Ifotabolie  aspocts  of  ma.^sivm  doficioncy  In  C.  porfringgns  (K.  Shr.nlco; 

It  has  boon  reported  (Shankar  and  Sard,  1952)  thr.t  llg*’^  doficioncy  during 
growth  loads  to  elongated  ooll  ftanu  tion.  Such  ceils  ferment  gluooso  with  tho 
aoao  rat^s  and  extents  of  ^ and  CO^  produoticn  as  do  Kg^'^-sufficiont  oolls* 

Qrowth  of  ,lig'*^-dofioiont  colls  in  th  * prosonco  of  added  ia  oonsiderably 

impeded  and  suen  oolls  arc  then incapable  of  gaseous  fonoontation  although  still 
ablo  to  foroont  gluooee  to  lactic  acid#  Such  data  suggest  that  Oo^  intarferbs 
with  tho  synthosis  of  the  onsyan  eystom  respcnaiblo  for  and  COg  formotlon* 
mother  sksthod  (Ubibb,  IS^t^)  has  boon  wsod  to  obtain  Ug‘^'*’«defieiont  modiuBW 
#ith  sadiuik  so  treated^  boll  morphology  is  even  more  snrkodly  of  footed*  Very  long 
fiXsoBBiits  arc  ottainsd  instead  of  merely  dongotod  oolls*  It  was  decided 


to  study  thn  glueoe  * Biatcbolism  of  tho  filmoontous  calls  rcthor  than  tho  olongctod 
colls  since  vhs  blocheaieol  *lo8ion''  invoivod  nsay  bo  oxpcctod  to  bo  moro  oxtonsivo 
and  moro  readily  doeccrniblo  in  tho  fllomostovss  cells* 

It  Tfcs  found  that  tho  V<ebb  rjothod  of  preparing  Kg'*"’’“dof iciont  nodixm  works 
-niy  ivith  Bv^ons  poptono,  n British  vroduct,  and  not  at  all  with  tho  numerous 
other  pertone  end  tryptono  medio  tostod*  Attempts  to  cluoidote  the  basis  for 
this  dif'eronce  yioldod  no  specific  relationship*  However,  use  of  Evans  peptone 
hns  boon  cade  to  obtain  tho  filesuntc-us,  lig‘*’‘*'-dcficiont  colls* 

Tho  ratr-of  gliicoso  fonnontntion  .of  Itg+^-defioiont,  f iloriont  ous  oolls  is 
about  1/8  found  with  25|g'*~*‘--raf iclont , normal  colls*  Chomioal  analysis  rovoals 

that  glucose  uptoko  by  Mg*'*’-  doficiont  oolls  is  markedly  reducod  per  unit  timo, 
suggesting  o primary  b^oohoniccl  wooknoss  in  suoh  colls*  Tho  glucoso  is  in  time 
totally  formentod  although  the  tino  required  is  about  tenfold  in  length  that 
found  with  lig‘*’'*’-aufficiont  oolls* 

Sootion  ij.«  Carbohydrate^ metabolism  cf  Bccillua  subtilis  (R*  E*  Klausmolor) 

It  hns  boon  roportod  (Gary  r.nd  Bard,  1953o»  that  growth  of  £*  subtilis 
in  inorganic  nitrogen,  gluooso,  salts  medium  (Sirplo  medium,  yielding  S-oolls) 
results  in  oolls  virtuolly  inccpablo  of  gluooso  fox*runtoticn  whereas  growth  in 
yoast  extract,  glucose  medium  (Complex  modium,  j'iolding  C-colls) 
results  in  oolls  ecpublo  of  vigorous  homolcotie  forrjentation  of  glucoso*  Moro- 
oTor>  on  onxymetio  dofioionoy  apparently  rcsponsiblo  for  tho  laok  of  tho 
formontativo  ocpaoitj'  in  S-colls  was  found  to  bo  linked  to  tho  obsonoo  of 
glyooroldohydo  phosphate  dohydrogonaso  in  suoh  oolls* 

Purthor  atiadly  has  revealed  that  addition  of  H-ooooptors  (acetyimothylcarbinol, 
diaootylj  pyruvic  acid,  totrasolim  aolts,  hydroxylamlno)  to  S-eclls  during 
anoordblo  gluooso  dlaaimllotion  I'cada  to  a vigoroua  formontetion  of  tho  glucoso* 
Bhing  Qoctyl»9thylearbi/iol  as  H-ooocotcr  ond  examining  tho  role  of  thia  ocsopouad 
during  fomontatien  rev  'ola  that  tho  H-cococtor  is  roduood  to  butcnodiol 
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(honoo  proving  that  It  is  coting  a«  o H-aceoptcrj  trhilo  tho  glucooo  is 
dissimilatod  to  lactio  acid^  aootyiiaothyloarbinol  and  CC^« 

Plans  for  Future 

(1)  Initiate  onsynatio  studios  of  tho  nochoniss;  of  gluooso  foraontation  in 
C«  porfringoM j both  of  lig*+-doficioat  cad  -sufficiont  calls,  and  in  subtilis» 

(2)  Continuo  eollcborctlon  ^th  Dr*  kartin  Bibbs  on  radloisotopo  studios* 
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